(12) INTERNATIONAL APP] 



ON PUBLISHED UNDER THE PATENT O 



o^j^Ui 



ITION TREATY (PCX) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date 
22 January 2004 (22.01,2004) 




PCX 



(10) International Publication Number 

wo 2004/008185 A2 



(51) International Patent Classification^: 



(21) International Application Number: 



G02B 



(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 



PCT/IL2003/000558 
3 July 2003 (03.07.2003) 
English 
English 



(30) Priority Data: 
150746 



15 July 2002 (15.07.2002) IL 



(71) Applicants (for all designated States except US): O.D.E 
OPTRONICS, LTD. [IL/IL] ; Toyota Towers, 4th Floor, 65 
Vigal Alon Street, 67443 Tel-Aviv (XL). SPHEREVIEW 
LTD, [IITIL]; 65 Yigal Alon Street, 67443 Tel Aviv (IL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GAL, Ehud [I17IL]; 
3 HaGalil Street, 71908 Reut (IL). GRAISMAN, GU 
PUIL]; 33 HaGalil Street, 71908 Reut (IL). LITEYGA, 
Gennadiy [IL/IL]; 28/15 Ben Gurion Street, 78 281 
Ashkelon (IL). 



(74) Agents: LUZZATTO, Kfir et al.; Luzzatto & Luzzatto, 
P.O. Box 5352, 84152 Beersheva (IL). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BE, BG, BR, BY, BZ, CA, CH, CN. CO, OR, CU. 

CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE. GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NX, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU. ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, TT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA. GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

QO 
00 



(54) TiUe: OPTICAL LENS PROVIDING OMNI DIRECTIONAL COVERAGE AND ILLUMINATION 



(57) Abstract: The invention presents a wide-angle imaging assembly which comprises a main lens produced from an aspheric 
C5 optical block. The aspheric optical block comprises a vertical axis of synmietry; a transparent upper surface, at least part of which is 
^5 capable of reflecting rays that impinge upon it from the interior of the optical block; a transparent perimeter surface; and a transparent 

lower surface. The optical block is fabricated from material selected to enable optical transmittance of a specific spectral range. 
^5 Light rays in the specific spectral range originating in a first scene, having a 360 degrees panoramic perimeter, are refracted by the 
^ transparent perimeter surface, enter the optical block, are then reflected by the upper surface towards the transparent lower surface, 

where they are then refracted by the transparent lower surface, and exit through it 



wo 2004/008185 




:T/IL2003/000558 



OPTICAL LENS PROVIDING OMNI>DIRECTTQNAL COVERAGE 

AND ILLUMINATION 



Field of the Invention 

The present invention relates to the field of extremely wide-angle imaging. 
More specifically, it relates to optical structures that enable the coverage 
and/or illumination of a panoramic or nearly sphericsd field of view, suitable 
for video or still imaging. 

Background of the Invention 

Imaging of a large field of view has many applications in the fields of 
defense, security, monitoring, entertainment, industry, medical imaging 
and many other fields. Imaging of a panoramic or nearly spherical field of 
view, using a single image-capturing device, is especially appUcable for a 
variety of needs due to its relative simplicity, low-cost and miniaturization 
possibilities. 

Security cameras often require the abihty to view as large a field of view as 
possible to enable imaging of all occurrences in a scene for purposes of real- 
time surveillance and warning or for documentation and restoration of 
images at later stages. 
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Inner body imaging diiring diagnostic or therapeutic medical procedures 
reqiiires real time viewing of a large field of view in order to provide the 
surgeon with the ability to orientate and maneuver the medical scope 
within the body without endangering body organs or risk causing damage to 
body tissue. These applications also require the abiUty to illuminate the 
scene that is imaged in order to provide a clear and understandable image 
to the physician. 

Additional applications, which require a large field of view exist, include 
remote operation of ground vehicles, imaging equipment for reconnaissance 
and information gathering, viewing the interior of devices such as engines, 
and cinematic and home entertainment applications. 

One of the prior art techniques of panoramic imaging makes use of several 
image capturing devices, each one aimed at a different sector limited in 
width, combined in a manner such that all of them together, when properly 
aligned, cover a fiill 360 degrees field of view. Another prior art method for 
panoramic imaging relies on a ^single image-capturing device, rotated 
around a vertical axis. In this method the image-capturing device covers a 
limited sector at any single moment; but, while completing a full rotation, it 
creates a sequence of images, which are combined together to form a 
panoramic image. 
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The main disadvantage of these prior art methods is their relative 
complexity. Some prior art methods make use of moving/rotating 
mechanisms, which require frequent alignment and very often turn out to 
he maintenance-intensive. 

The abihty to make use of a single imaging device, equipped with an optical 
structure, which would enable viewing of the entire perimeter around the 
imaging device, would be invaluable for the applications described 
hereinabove. 

A prior art approach using a single imaging device makes use of axi- 
symmetric reflective surfaces to reflect a panoramic field of view towards a 
single image-capture device. In this approach a circular image is formed on 
the focal plane array of the image-capturing device. The shape of the image 
derives from the reflection of the surrounding field of view by the reflective 
lens, and often includes aberrations. The image shape and additional 
aberrations are corrected by image processing techniques. Such a prior art 
design is described in US 6,028,719, in which a method for captxiring a 
nearly spherical field of view using a single axi-symmetric reflective mirror 
with a hole in its center is described. The main disadvantages of the 
methods described in US 6,028,719 include the relatively complex 
fabrication of the optical components to achieve high optical performance, 
the high fabrication costs of the imaging device and its sensitivity to 
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environmental conditions. Furthermore, such devices provide relatively 
poor image quality. 



A simpler, cheaper and more robust solution for imaging and/or 
illuminating a panoramic or nearly spherical filed of view would be to use 
an aspheric optical block, a single image capturing device and in some 
embodiments — an illumination sotirce. Attempts to fabricate such a device 
have been made, e.g., in US 6,341,044, which makes use of an optical block 
and a single image capturing device to provide panoramic imaging.The 
design used in US 6,341,044 includes a spherical optical block having one 
refiractive surface and one reflective surface. The spherical shape of the 
optical block and the existence of a single refiractive surface incorporated 
within the optical block itself introduce aberrations that must be corrected 
by several sets of additional optical lenses along the optical path, as 
described extensively in the patent. 

It is therefore an object of the present invention to provide an optical block 
designed to provide a reflection of a panoramic perimeter, having an 
acceptable level of distortions and aberrations. 



It is another object of the present invention to provide an optical block 
designed to enable acqxiiring of a nearly spherical field of view. 
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It is another object of the present invention to provide an imaging assembly, 
based on the optical block of the invention. 

It is yet another object of the present invention to provide a method of 
ilinminating the scene that is imaged, simultaneously while imaging; 
utilizing the same optical block for both coverage of the scene and the 
transmittance of illumination to the scene. 

Further purposes and advantages of this invention will appear as the 
description proceeds. 

Summary of the Invention 

The present invention provides a wide-angle imaging assembly 
comprising a main lens produced from an aspheric optical block. The 
aspheric optical block comprises the following elements: 

a. A vertical axis of symmetry; 

b. A transparent upper surface, at least part of which is capable 
of reflecting rays that impinge upon it from the inner side of 
said optical block; 

c. A transparent perimeter sxirface; and 

d. A transparent lower surface. 

The material of which the optical block is fabricated is selected to 
enable optical transmittance of light in a specific spectral range. 



II 



V 
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Light rays in the specific spectral range that originate in a first scene 
which has a 360 degrees panoramic perimeter are refracted by the 
transparent perimeter surface and enter the optical block. They are 
then reflected by the upper surface towards the transparent lower 
sxirface, refiracted by the transparent lower sxirface, and exit the main 
lens through the transparent lower surface. 

The upper surface of the wide angle imaging assembly of the invention 
can be at least partially, axi-symmetrically coated with reflective 
material on its exterior side. The reflective coating will cause reflection 
of light rays that impinge upon the upper surface firom the inner side of 
the optical block. The reflective material that coats the upper surface can 
be selected to enable reflection of Ught rays in the specific spectral range 
transmitted by the material of the optical block. 

The wide angle imaging assembly of the invention may further comprise 
a transparent area in a part of the upper surface around the vertical axis 
of symmetry. The transparent area enables Ught from a second scene, 
located at least partially above the first scene, to pass through the 
transparent area and travel through and exit the optical block. The 
curvature of the surface of the transparent area can be different from the 
curvature of the remainder of the upper surface. The lower surface can 
be described by two different axi-symmetric curves. 
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The transparent area can be fabricated in the form of a hole extending 
along the vertical axis of symmetry. The hole can extend from the upper 
surface to the lower surface and can have a conical shape. An optical 
structure designed to enhance or correct light rays coming from the 
second scene can be placed within the hole. The optical structure placed 
within the hole can comprise a plvirality of optical components. 

In another embodiment, the wide angle imaging assembly of the 
invention further comprises an optical structure located above the 
transparent area and coaxially with it. The optical structure is designed 
to enhance or correct light rays coming from the second scene or to 
enlarge the aperture of the second scene and can comprise a pluraUty of 
optical components. 

The wide angle imaging assembly of the invention can further comprise a 
conically shaped hole extending along the vertical axis of symmetry from 
the upper surface to the lower surface and a black cone designed to prevent 
glare compatibly shaped to be placed inside the hole. 



The wide angle imaging assembly of the invention can further comprise 
a holding element that is fabricated together with and as part of the 
optical block. The holding element is located adjacent to the lower 
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siirface and extends downwards. The holding element does not interfere 
with or block the rays that exit from the lower surface. The holding 
element can have the shape of a tube made of an optically transparent 
material. 

The wide angle imaging assembly of the invention may further comprise 
a mechanical connector having a first edge and a second edge. The first 
edge of the connector can be designed to connect to the holding element. 
The second edge of the connector can be designed to connect to an image 
capture device, such that the image capture device is positioned coaxially 
with the optical block, facing the block's lower stirface. The mechanical 
connector may further comprise optical lenses positioned coaxially with 
the optical block and designed to enhance the quality of the images 
exiting the lower surface of the optical block. The second edge of the 
connector can be designed to connect to an illumination soiirce so that it 
positions the illvunination soxirce adjacent to the exterior edge of the 
holding element. 

The wide angle imaging assembly of the invention can further comprise 
an image captxire device designed to capture images that arrive from the 
optical block. The spectral range, to which the image capture device is 
sensitive, is at least partially identical to the specific spectral range to 
which the optical block is transparent. 



wo 2004/008185 




:T/IL2003/000558 



The wide angle ixnaging assembly of the invention can further comprise 
an illxmiination sotirce that distributes illumination ras'S, which travel 
through the holding element and are distributed by the surfaces of the 
optical block. The wavelength of the illumination soxirce is within the 
range of the specific spectral range to which the optical block is 
transparent. The wide angle imaging assembly can comprise a plurality 
of illumination sources, capable of emitting more than one wavelength. 
All of the illumination wavelengths are within the specific spectral range 
to which the optical block is transparent. 

In another embodiment the wide angle imaging assembly of the 
invention can further comprise: 

a. An axi-symmetric lens, capable of reflecting a second 
panoramic scene, which is at least partially included in the 
first scene. The axi-symmetric lens is positioned coaxially with 
and above the optical block. 

b. A hole extending along the vertical axis of symmetry of the 
optical block. 

c. An optical assembly located within the hole comprising at least 
a prism or reflective siurface. The prism or reflective surface 
designed to refiract or reflect Ught rays that are reflected by the 
axis-symmetric lens. 
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ci. A compatibly positioned image capture device 
The axi-symmetric lens is capable of transmiting light rays in a second 
spectral range which is at least partially different than the specific spectral 
range to which the optical block is transparent. The optical assembly does 
niDt interfere or block the rays reflected from the optical block. The first 
panoramic scene provided by the opticsJ block in the specific spectral range 
is at least partly identical to the panoramic scene provided by the axi- 
symmetric lens in the second spectral range. 

All the above and other characteristics and advantages of the invention will 
be further imderstood through the following illustrative and non-limitative 
description of preferred embodiments thereof, with reference to the 
appended drawings. It is stressed that the particulars shown are by way of 
example and for purposes of illustrative discussion of preferred 
embodiments of the present invention only. No attempt is made to show in 
the drawings structural details of the invention in greater detail than is 
necessary for understanding of the invention. Skilled persons will readily 
understood details not shown in the figures will easily appreciate how the 
several embodiments of the invention may be carried out. 

Brief Description of the Drawings 

- Fig. 1 shows schematically an embodiment of an aspheric optical 
block that provides coverage of a panoramic scene; 
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- Fig. 2 shows schematically another embodiment of an aspheric 
optical block that provides coverage of a panoramic scene; 

- Fig. 3 shows schematically another embodiment of an aspheric 
opticsd block that provides coverage of a panoramic scene, equipped 
with a component for glare reduction; 

- Fig. 4 shows schematically an embodiment of an aspheric optical 
block that provides coverage of a nearly spherical scene; 

- Fig. 5 shows schematically an optical structure that enables coverage 
of a nearly spherical field of view; 

- Fig. 6 shows schematically another optical structure that enables 
coverage of a nearly spherical field of view; 

- Fig. 7 shows schematically an optical structure also used for 
distribution of illumination to a panoramic scene; 

- Fig. 8 shows schematically an illumination conductor used to conduct 
the illumination from an illumination source to the optical block; 

- Fig. 9 shows schematically an optical structure also used for 
distribution of illmnination to a nearly spherical scene; 

- Fig. 10 shows schematically an optical block, equipped with an 
additional optical component and also used for distribution of 
illumination to a nearly spherical scene; 

- Fig. 11 shows schematically another optical block eqxiipped with an 
additional optical component and also used for distribution of 
illumination to a nearly spherical scene; 
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- Fig. 12 shows schematically yet another possible design of an optical 
block that enables both coverage and illumination of a nearly 
spherical scene; 

- Fig. 13 shows schematically methods of combining additional 
components in the optical system that enable enhanced image quality 
and/or components that provide higher strength to the optical system; 
and 

- Fig. 14 shows schematically two omni-directional optical systems that 
enable imaging of the perimeter scene at two different wavelengths 
simultaneously. 

Detailed Description of Preferred Embodiments 

The preferred embodiments of the present invention are described 
hereinbelow with reference to the figures. All of the figures show a cross- 
sectional view of only the main optical components of an electro-optical 
system. The system is designed to produce an image of a cyUndrical or 
nearly spherical field of view. The main optical components, which are 
shown, are generally those that are responsible for gathering the Ught rays 
fi*om the cylindrical or nearly spherical field of view at the same instant, 
and directing those light rays to the other components of the system. As it 
is clear that several different components comprise the entire electro-optical 
system, reference to only the main optical components is made for the sake 
of brevity and since other components and their incorporation in the system 
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are known from the prior art and are well within knowledge of those skilled 
in the art. The figures are schematic and designed to provide a general 
perception of preferred embodiments of the present invention. In some of 
the figures are shown optical paths of Ught rays that travel through the 
optical system. These paths are schematic and they are shown in order to 
make apparent the course of refraction and/or reflection of the rays by the 
main optical components of the system. In all of the figxires there is shown a 
solid axi-symmetric optical lens, which is responsible for the actual 
direction of the surrounding scene towards an image capture device or 
towards other optical components. The solid axi-symmetric optical lens is 
referred to as the "main lens". Several different embodiments are described 
in order to demonstrate the variety of designs and different types of 
information that can be obtained by use of the different embodiments of the 
invention. The main lens is produced by known optical fabrication methods 
such as diamond turning, molding etc. and the materisil of which the block 
is produced is selected to enable optical transmittance of a specific spectral 
range. All of the embodiments of the imaging assembly of the invention 
comprise a main lens made from ^ an aspheric optical block comprising the 
following: 

a. A vertical axis of symmetry; 

b. A transparent upper surface, at least part of which is 
capable of reflecting rays that hit it from the inner side 
of the optical block. 
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c. A transparent perimeter surface; and 

d. A transparent lower surface. 

In all embodiments, light rays of the specific spectral range originating 
in a first scene having a 360 degrees panoramic perimeter are refracted 
by the transparent perimeter surface, enter the aspheric block, are then 
reflected by the upper surface towards the transparent lower surface, 
are then refracted by the transparent lower surface, and exit the main 
lens through the transparent lower surface. 

It is stressed that besides the main lens, additional components are 
required to make best benefit of the present invention. Those additional 
components, may include, but are not limited to: 

a. An image capture device, located, directed, and set in a 
manner that enables the capture of an optimal image that is 
produced by the main lens. In preferred embodiments of the 
present invention, the image capture device is located coaxially 
with the main lens. The image capture device is preferably 
eqmpped with a focusing lens, set to capture a focused image 
depending on the distance of the image capture device from the 
main lens. 

b. Prisms, which are capable of directing the image that is 
produced by the main lens towards an image capture device, 
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which (in some embodiments) is not located coaxially with the 
main lens. 

c. Correcting lenses, which may be used to enhance the quality of 
the image before it is captured by the image capture device. 
Those correcting lenses are generally positioned between the 
main lens and the image capture device, and they are selected, 
designed and positioned as a function of the design of the main 
lens. The necessity of using correcting lenses may be reduced 
to a minimum by proper optical design of the main lens in 
order to reduce astigmatism, aberrations and other optical 
distortions of light rays to a minimum. 

d. A processing unit that receives, processes, and displays the 
image that is captured by the image capture device. 

In Fig. 1 is schematically shown a preferred embodiment of the present 
invention. In this figure there is shown a design of a main lens (1) that 
provides a reflection of the perimeter around it and enables the capture of 
the entire perimeter at the same instant by a suitable image capture device 
(not shown). The main lens (1) comprises a transparent perimeter surface 
(2), a transparent upper surface (3), a transparent lower surface (4) and a 
holding element (5). All of the mentioned surfaces are fabricated as part of a 
unified mold, or single solid optical component. In a preferred embodiment 
of the present invention, the upper transparent surface (3) is coated with 
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reflective material on its exterior sxirface, enabling reflection of light rays 
that arrive from the direction of the inner side of the main lens (1). 

Reference is now made to schematic optical paths of light rays that travel 
through the main lens (1). A first light ray (6), originating in the field of 
view that is covered by the main lens (1), penetrates, the main lens's 
transparent perimeter surface (2), where it is refracted. The ray (6) then 
travels through the sohd medium of the main lens (1) and is incident upon 
the inner side of the upper surface (3). As a result of the reflective coating 
on thie exterior of the upper surface (3), the ray (6) is then reflected towards 
the lower transparent surface (4), where it is refracted again and exits the 
main lens (1). Light ray (7) travels a similar optical path, being refracted 
and reflected by the same surfaces as ray (6). 

According to another preferred embodiment of the present invention, the 
upper surface (3) may remain entirely or partly imcoated. In this case, the 
light rays, which hit the upper surface (3) from the inner side of the main 
lens (1), are reflected according to Snell's Law of Total Internal Reflection. 
Those skilled in the art will appreciate that by not using a reflective 
coating, and leaving a part (or all) of the upper sxurface (3) uncoated, a 
different field of view may be covered by the main lens (1). Therefore the 
choice of whether or not to use a reflective coating depends on the 
requirements of the specific application, and the design of the main lens. 
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It is further stressed that the exact shape of the main lens's surfaces is not 
random, and each surface is designed according to the desired field of view 
to be covered, the required angular resolution, and additional parameters 
which are known to those skilled in the aurt. Each surface's design is sififected 
by the design of the other surfaces, therefore the design is done by 
constantly considering the mutual affect that each surface has on the field 
of view which is covered, chromatic or other aberrations and/or distortions 
that might be caused to light rays along their path etc. 

It is preferable to fabricate the main lens together with a holding element 
(5), which is also a part of the miified mold, in a shape that enables direct 
connection of the main lens (1) to an image capture device, or other 
mechanical component or connector. 

In Fig. 2 is schematically shown a second preferred embodiment of the 
main lens (8). This embodiment also includes a transparent perimeter 
surface (9), a transparent upper surface (10), a lower surface (11) and a 
holding element (12). Perimeter surface (9) is a negative optical surface that 
enables the capture of a larger ve^rtical field of view than that captured by 
thd embodiment of the main lens shown in Fig. 1. Two light rays, (13) and 
(14) represent schematic optical paths of hght rays that travel through the 
main lens (8). In this embodiment as well as in that shown in Fig.l, it is 
possible to exploit Snell's Law of Total Internal Reflection and not to coat all 
or part of the upper surface with reflective coating. 
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In Fig. 3 is schematically shown an embodiment of the imaging assembly of 
the invention that incorporates within the main lens an additional 
component that reduces glare. In this embodiment, the main lens (15) 
comprises a hole in its center, extending along its central axis, from its 
upper sxu-face (16) to its lower surface (17). The hole is preferably conically 
shaped. Inside the hole there is placed a blackened cone (18) that preferably 
extends through the entire thickness of the main lens (15) and extends 
downwards below the lower surface (17). The cone (18) is designed to absorb 
light rays that may be reflected or dispersed to undesired directions and 
cause glare that is visible in the jBnal image. The imdesired glare is a side- 
affect, which appears in varying intensities as a function of the optical 
design of the main lens. Therefore the incorporation of the blackened cone is 
optional and dependent on the intensity of the glare. 

In Fig 4 is schematically shown an embodiment of a main lens that is 
capable of covering a nearly spherical field of view. In this figure the main 
lens (19) comprises a transparent area (20) located at the center of the 
upper surface (21). The transparent area (20) is axi-symmetric and may be 
fabricated either as a hole, extending from the upper surface (21) 
downwards to the lower surface (22), or simply as an area of upper surface 
(21) which is not coated with reflective material. If a hole is not 
implemented, it is possible to fabricate the transparent area (20) as an area 
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having a different curvature than that of the upper surface (21). In this way 
a lens effect may be achieved simply by proper design of the transparent 
area's curvature. The presence of transparent area (20) enables coverage of 
a field of view above the upper surface (21), which is additional to the 
cylindrical field of view that is generally captured by the embodiments 
described hereinabove. It is possible to combine additional optical elements 
(23) coaxially and above the transparent area (20) that would enable control 
over the size and optical quaUties of the additional scene that is covered. 
The form of the main lens (19) shown in Fig. 4 enables relatively convenient 
positioning of the additional optical components (23) within the niche that 
exists above the upper surface (21). However, it is stressed that the 
principles of the method of covering the additional scene, as shown in this 
figure, are applicable mutatis mutandis to other embodiments of the main 
lens. Each embodiment of the main lens might impose a different design of 
the optical components (23) and may require mechanical adaptors or special 
connection methods of the additional optical components (23) to the main 
lens (19). Those connection methods are well known to those skilled in the 
art, and have been presented, in prior art, therefore no further reference is 
made to connection of optical components amongst themselves. 

Reference is now made to optical paths of light rays that travel through the 
main lens (19). Light rays (24, 25), which originate in the cylindrical field of 
view covered by the main lens (19), travel the same path as light rays (13, 
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14) shown in reference to Fig. 1. Light ray (26), which originates in the 
additional scene, not included in the cylindrical scene, is refracted by the 
additional opticed component (23), if such component is present. The ray 

(26) then travels towards the transparent area (20) where it is refracted 
again and travels through the main lens (19) until reaching its lower 
siurface (22) where it exits the main lens (19). An additional light ray (27) 
travels essentially the same course as ray (26). Light ray (26) and light ray 

(27) represent the edges of the additional scene that is covered (i.e. the 
aperture of the scene). As previously described, the aperture may be 
controlled by the selection ajad/or design of the optical components (23) 
and/or of the curve of the part of the surface defining the transparent area 
(20). 

In Fig. 5 is schematically shown another embodiment of main lens that 
enables coverage of a nearly spherical field of view. In this embodiment the 
main lens (28) comprises a transparent perimeter sxurface (29), a 
transparent upper surface (30), a central transparent upper surface (31), a 
lower transparent surface (32) and a central transparent lower surface (33). 
Additionally, the main lens (28) comprises a holding element (34). A first 
hght ray (35) represents a light ray that originated within the range of the 
cyhndrical scene (36) that surrounds the main lens (28) and that is covered 
by the main lens (28). The light ray (35) is refracted by the perimeter 
surface (29), travels through the solid medium of the main lens (28), hits the 



wo 2004/008185 



21. 



:T/IL2003/000558 



Upper sur£ace (30), is reflected downwards towards the lower stirface (32) 
where it is refracted again, and exits the main lens (28). A second light ray 
(37) represents a light ray that originates above the central upper surface 
(31) in a scene (38) that is covered by the central upper surface (31). The 
second light ray (37) is refracted by the central upper surface (31), 
penetrates the main lens (28), travels through the lens's sohd medium, is 
refracted by the central lower surface (33), and exits the lens. All hght rays 
originating in the cylindrical scene (36) and in the additional scene (38) 
together comprise a nearly spherical scene. 

In Fig. 5, the central upper surface (31) and the upper surface (30) are 
shown as having two different curvatures, however, they may be fabricated 
as a single curved surface, depending on the application, the desired field of 
view etc. In the same way, the central lower surface (33) and the remainder 
of the lower surface (32) which are shown as having two different 
curvatxires, can be fabricated as a single curved surface. 

In Fig. 6 is schematically shown^ yet another embodiment of a main lens 
that enables coverage of a nearly spherical field of view. In this 
embodiment, the main lens (39) comprises a hole in its center extending 
along its central axis of symmetry from the main lens's upper surface (40) to 
its lower surface (41). The hole is preferably conically shaped. Inside the 
hole there is placed an optical assembly (42), which may comprise one or 
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more optical components packaged together. The optical assembly is shaped 
(or packaged in a shape) compatible with the shape of the hole, so that it 
can be inserted and fastened inside the hole. The optical assembly (42) is 
designed to refract rays that originate at a scene that is additional to the 
cylindrical scene surrounding the axis of symmetry of the main lens (39). A 
first light ray (43) represents a ray that originates in the cylindrical scene 
and a second light ray (44) represents a ray that originates in an additional 
scene located above the upper surface (40) of the main lens (39). Light ray 
(43), originating in the cylindrical scene, is refracted by the perimeter 
surface (45), then reflected by the upper surface (40) towards the lower 
surface (41), then refracted by the lower sxirface (41), and exits the main 
lens (39). Light ray (44), which originates in the additional scene, is 
refracted by the optical assembly (42). The optical assembly (42) may 
include one or more optical components; therefore, the ray (44) may be 
refracted more than once, depending on the number of optical components 
comprising the optical assembly (42). The rays originating in the additional 
scene exit the opticaJ assembly (42) and can be captured by the same image 
capture device that is designed to capture the rays that originate in the 
cylindrical scene. Therefore the same image capture device may capture a 
nearly spherical scene. 

In Fig. 7 is schematically shown an embodiment of the imaging assembly of 
the invention that utilizes the form of the main lens (46), which is used for 
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capturing the omni-directional scene, to simultaneously distribute 
illumination to the scene that is . to be imaged, therefore enabling image 
capture in limited lighting conditions. The main lens (46) is preferably 
fabricated with a holding element (47). All or part of the structiure of the 
holding element can be utihzed as an illumination conductor (47'). 
Illumination sources (48) may be located at the end of the illumination 
conductor (470- The light originating at the illumination sources (48) 
penetrates the illumination conductor (470 and travels along the 
illumination conductor (470 until reaching the main lens (46). The 
illumination rays travel through the sohd medium of the main lens (46), 
hitting its upper surface (49) and reflected by it towards the perimeter 
surface (50). The illimiination rays are then refracted and exit the main lens 
(46) thus illuminating the scene located around the main lens (46). It is 
stressed that the length of the holding element (47) may be determined to 
achieve optimal Ught conduction. The holding element (47) should be 
fabricated from a material that is transparent to the wavelength/s of Ught 
emitted by the source, thus enabling optimal Ught conduction from one end 
of the illumination conductor (470 to the main lens (46). The illumination 
conductor may be fabricated as a tube, which is separate from the main lens 
(46), meaning that a separate illumination conductor is connected to the 
holding element. The area of connection between the separate illumination 
conductor and the holding element should enable penetration of Ught rays 
from the illimiination conductor into the part of the streucture of the 
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holding element that functions as the illumination conductor and firom there 
to the main lens (46). It is stressed that the incorporation of illumination 
sources in the system does not compromise its image capture capabiHty. It 
is further stressed that the illumination source may be chosen to be in one 
or more different wavelengths (not necessarily the visible spectrum). 
However it is important to choose the fabrication material according to the 
spectrum of the illumination soxxrce, to ensvire that the illumination 
conductor (470 sind the main lens (46) are transparent to the illumination 
wavelengths. 

In Fig. 8 is schematically shown an embodiment of the imaging assembly of 
the invention comprising means for interfacing an illiunination source with 
the illumination conductor. According to this embodiment, the illumination 
conductor (51) includes, or is connected to, an op to-mechanical structure 
(52) at its end. The opto-mechanical structure (52) comprises connention 
means (53) designed to be connected to the illumination source and a 
reflective surface (55) designed to reflect the illumination toward the 
illumination conductor (51). A hgjxt ray (54) originating at an illumination 
sotirce enters the opto-mechanical structure (52), where it is refracted by 
the reflective siurface (55) to the direction of the illumination conductor (51). 
From the reflective surface (55) the ray (54) travels through the 
illumination conductor (51) towards the main lens (56) by which it is 
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reflected and refracted to iUumiiiate the scene surrounding the main lens 

(56) . 

In Fig. 9 is schematically shown an embodiment of a main lens that can be 
used with a light source to illxxminate a nearly spherical scene. According to 
this embodiment, the upper surface (57) of the main lens (58) is not covered 
with a reflective coating at all; or, alternately, only a part of the upper 
svirface (57) is coated with a reflective coating. Light rays (59) originating at 
a light source (60) travel through the illumination conductor (61) until 
reaching the main lens (58). At the top of the illumination conductor (61) 
the light rays aire dispersed and are incident upon the inner side of the 
upper sxirface (57) of the main lens (58) from many different angles. The 
light rays that are created after hitting the upper surface (57) can be 
divided into three groups. The first group of rays, represented by light ray 

(62) is reflected by the upper surface (57) towards the perimeter surface 

(63) . The reflection is either from a reflective coating which coats the upper 
surface or by total internal reflection, if this is made possible by the specific 
design of the main lens (58). The, ray (62) then hits the perimeter surface 
(63) where it is reflected again towards a different area of the upper smface 

(57) . The reflection by the perimeter surface results from either reflection 
firom a reflective coating applied to a narrow strip of the perimeter surface 
or by total internal reflection, if possible. The ray (62) then hits the upper 
surface (57) and is refiracted by it, exiting the main lens (58) and 
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illuminating a part of the scene located above the upper surface (57). It is 
easily imderstood that, in order to enable the exit of the first group of Ught 
rays from the upper surface (57), the specific area in the upper surface firom 
which the first group of rays is designed to exit, must remain transparent 
(uncoated). 

A second group of light rays, represented by ray (64) and ray (65), is 
reflected by the upper surface (57) towards the perimeter s\irface (63). The 
rays (64, 65) are refracted by the perimeter surface (63) and exit the main 
lens (58), illuminating a scene located around the axis of symmetry of the 
main lens (58). 

A third group of light rays, represented by ray (66) and ray (67), is refi-acted 
by the upper surface (57) and exits the main lens (58) illuminating the part 
of the scene which is located above the upper surface (57). In order to enable 
the third group of rays to exit the upper siirface (57), the area of the upper 
surface, firom which the rays are designed to exit, must remain transparent 
(imcoated). 

It is stressed that the division into the three groups of light rays described 
hereinabove may not be appUcable to all forms of the main lens. The exact 
paths the light rays wiU take is dependant on the angle of total internal 
reflection and additional parameters such as which area/s is/are coated with 
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reflective coating, the exact shape of and relation between the surfaces of 
the lens, etc. The purpose of Fig. 9 is to schematically describe the three 
possible principle groups of light rays that pass through the main lens. 

In Fig. 10 is schematically shown another embodiment of the main lens 
comprising a transparent optical dome (68) that is connected to the main 
lens (69). The dome (68) may serve several possible functions. A first 
function served by the dome (68) can be to evenly disperse light rays (70) 
that are provided to illuminate the scene above the dome (68). Ldght rays 
(70) exiting the main lens (69) will hit the dome (68) and be dispersed by it 
to evenly illtuninate the scene which is located above the dome (68), thus 
enabling a clear and glare-firee view of the scene. A second possible function, 
of the dome (68) is to complete the structxire of the main lens (69) to form an 
ergonomic structure that will enable smooth and easy insertion of the main 
lens to body cavities, when the main lens (69) is incorporated in a medical 
device, designed to image inner body canals, or into other cavities in non- 
medical appUcations. A third possible function of the dome (68) is to push 
away any liquids or solid objects^(e.g. body tissue in medical applications) 
that may stick to the main lens (69) and/or obscure its field of view. 

In Fig. 11 is schematically shown another embodiment of the main lens that 
provides illimiination and imaging of a nearly spherical field of view. In this 
embodiment, an optical structure (71) is incorporated above the central 
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upper surface (72) of the main lens (73). The optical structure (71) is 
designed to enlarge the aperture of the scene located above the central 
upper sxurface (72) which is covered by the main lens (73) and which is not 
part of the cylindrical scene surrounding its axis of symmetry. A light ray 

(74) , representing Ught rays that originate in the field of view covered by 
the optical structure (71), is refracted by the optical structure (71) towards 
the central upper surface (72), then refracted again and travels through the 
main lens (73) until exiting the main lens from its central lower surface 

(75) . An embodiment of the main lens (73), which does not include the 
optical structure (71), was described with reference to Fig. 5 hereinabove. 
Comparing the embodiment shown in Fig. 5 with that shown in Fig. 11, it 
can be seen that the absence of the additional optical structure (71) causes 
the field of view covered by the central upper surface to be narrower than 
the one covered with its presence. 

In Fig. 11, ray (76) represents rays originating in the cylindrical scene 
surrounding the axis of symmetry of the main lens (73). The ray (76) takes a 
similar path to that shown in previous figures for rays originating in the 
cylindrical scene. It is stressed that the incorporation of the optical 
structure (71) does not interfere with the path of light ray (76) or with its 
reflection by the upper surface (77). 
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Ray (78) represents a light ray designed to illuminate a scene located above 
the central upper surface (72). It is stressed that the incorporation of the 
optical structure (71) does not interfere with the path of light ray (78), nor 
does it block light ray (78) from the scene that it is intended to illuminate. 

In Fig. 12 is schematically shown an embodiment of the main lens that 
provides both coverage and illumination of a nearly spherical field of view. 
The form of the main lens in this embodiment is ergonomically shaped to 
enable easy and smooth insertion into, for example, body canals when the 
main lens is incorporated into a medical device. In the embodiment shown 
in Fig. 12, the main lens (79) has a perimeter surface (80) that extends 
upwards as compared to that of the embodiments described hereinabove. 
The perimeter surface is preferably extended in a circular manner to create 
the unique ergonomic shape without compromising the optical qualities of 
the lens. The main lens (79) comprises a transparent perimeter surface (80), 
a transparent upper surface (81) preferably coated with reflective material 
on its exterior side, a transparent central upper surface (82), and a 
transparent lower surface (83), which may be comprised of one or more axi- 
symmetric curves. Additionally, the main lens comprises a holding element 
(84), whose length can be determined according to its purpose. The holding 
element can be used also as an illumination conductor. 
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A light ray (85) originating in the cylindrical scene (86) that surround the 
axis of symmetry of the main lens (79) is refracted by the transparent 
perimeter surface (80), enters the sohd mediimi of the main lens (79), is 
reflected by the upper sxirface (81) towards the lower surface (83), where it 
is refracted again and exits the main lens (79). A light ray (87) originating 
in an additional scene (88), located at least partially above the cylindrical 
scene (86) is refracted by the central upper surface (82), penetrates the 
main lens (79), travels through the sohd medium of the main lens (79) 
towards the lower surface (83), where it is refracted and exits the main lens 
(79). Light rays (89, 90) originating at an illumination source (91) travel 
through the illumination conductor (84), enter the main lens (79), are 
reflected by the upper surface (81) towards the perimeter surface (80) where 
they are refracted and exit the main lens (79), thus illuminating the 
cylindrical scene (86). Another hght ray (92) originating at the same 
illximination source (91) takes a different optical path within the main lens 
(79) and is directed to illuminate the additional scene (88). To cause the 
light ray (92) to illuminate the additional scene (88), parts of the perimeter 
surface (80) can be coated with reflective material. Any such coating of the 
perimeter surface (80) does not compromise the coverage of the cyUndrical 
scene (86), and is applied in an area (92), which is out of the range that 
covers that scene (86). 
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All of the light rays discussed in the previous paragraph pass through the 
main lens (79) simidtaneously, thus it is possible to image a nearly 
spherical scene, which comprises the cylindrical scene (86) and the 
additional scene (88), and at the same time to illuminate both scenes. 
Therefore, imaging of a nearly spherical scene is possible also in dark 
environments, for example in the inner canals of the body dxiring medical 
endoscopy procedures, or in the interior of an engine. 



In Fig. 13 is schematically shown an embodiment of the main lens that 
incorporates additional components in its holding element. In this 
embodiment, the main lens (93) is fabricated with, or connected to, a 
holding element (94), which can be also used as an illumination conductor 
as has been described hereinabove. The holding element is tube- shaped, 
therefore it is possible to insert inside it optical or mechanical components 
that will assist the overall performance of the optical system. For example, 
a blackened tube (95) may be inserted in contact with the inner wall of the 
holding element (95), The pixrpose of tube (95) is either to provide 
mechanical strength to the holding element (94) and/or to prevent glare that 
may be caused by light rays from the illumination source that exit through 
the transparent sides of the holding element (94). The tube (95) may also 
incorporate additional optical lenses (96,97), which are designed to enhance 
the quality of the image that exits the main lens (93). 
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In Fig. 14 is schematically shown an embodiment of the invention 
incorporating, in addition to the main lens, an additional optical lens that is 
also capable of covering at least a cylindrical field of view. This embodiment 
enables imaging of the perimeter scene at two different wavelengths. A first 
main lens (98) is made as a solid mold comprising a transparent perimeter 
surface (99), an upper transparent surface (100), preferably coated with 
reflective material from its exterior, a lower transparent surface (101) and a 
holding element (102). Additionally, the main lens (98) comprises a hole in 
its center, extending along its central axis of symmetry from its upper 
surface (100) to its lower surface (101). The hole is preferably conically 
shaped. Inside the hole there is placed an optical assembly (103). Coaxially 
with the main lens (98) and above it, there is placed an additional lens 
(104), which is capable of providing a reflection of at least the cylindrical 
scene around it. The additional lens (104) may be either a lens similar to 
one of the embodiments of the main lens described hereinabove or any axi- 
symmetric reflective surface or other type of suitable lens described in the 
prior art.. The additional lens (104) is afflxed to the main lens (98) with a 
suitable mechanical structure (105) that does not even minimally obscure 
the perimeter scene fi'om the lens (104). 



In the embodiment shown in Fig. 14, two image capture devices are used. A 
first image capture device (not shown) is designed to capture the image 
reflected by the main lens (98). A second image capture device (not shown) 
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is designed to capture the image reflected by the additional lens (104). The 
two image capttire devices are preferably sensitive to different wavelengths, 
compatible with the wavelength sensitivity of the lenses (98, 104). For 
example, the image capture device designed to capture the image reflected 
from the main lens (98) could be sensitive to the visible spectrum and the 
image capture device designed to capture the image reflected from the 
additional lens (104) could be sensitive to the near infra red spectrum. 
Those skilled in the art will understand that it is possible to control the 
wavelength sensitivity of the lenses (98, 104). by proper selection of the 
lenses material or the selection of the reflective coating used to coat the 
lenses. 

A description of the optical paths of various light rays that travel through 
the system will now be given. A first group of light rays (106, 107) represent 
hght rays that originate in the field of view covered by the main lens (98), 
These light rays (106, 107) are refracted by the perimeter surface (99), 
reflected by the upper surface (100) towards the lower surface (101) where 
they are refracted again and exit the main lens (98), and captured by a first 
image captiure device (not shown) designed and set to capture the image 
that is reflected by the main lens (98). 

A second group of light rays (108, 109) originating in the scene surrounding 
the additional lens (104), are refracted and reflected at the surfaces of the 
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additional lens (104) and penetrate the optical assembly (103) located 
coaxially with additional lens (104). Inside the optical assembly (103) there 
is located at least a prism or reflective surface (110) designed to direct the 
rays reflected by the additional lens (104) to the second image capture 
device (not shown). As part of the optical assembly (103) there may be 
incorporated additional optical components that will enhance the quality of 
the image reflected by the additional lens (104). 

It can therefore be seen that each of the two image capture devices acquires 
a different image. As previously stated, it is preferable that each image is in 
a different wavelength range. Thus it is possible to combine in the same 
system, two sub-systems that enable, for example, omni-directional imaging 
both in full lighting and in limited lighting conditions. 

Proper optical design of the two lenses (98, 104) enables control over the 
vertical field of view of the cylindrical scene covered by each of the lenses. 

Although embodiments of the invention have been described by way of 
illustration, it will be understood that the invention may be carried out with 
many variations, modifications, and adaptations, without departing from its 
spirit or exceeding the scope of the claims. 
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Claims 

1. A wide-ajigle imaging assembly comprising a main lens produced from 
an aspheric optical block, said aspheric optical block having: 

a. A vertical axis of symmetry; 

b. A transparent upper surface, at least part of which is capable of 
reflecting rays that impinge upon it from the inner side of said optical 
block; 

c. A transparent perimeter surface; and 

d. A transparent lower surface; 

wherein the fabrication material of said optical block is selected to enable 
optical transmittance of a specific spectral range; and wherein light rays in 
the specific spectral range originating in a first scene having a 360 degrees 
panoramic perimeter are refiracted by said transparent perimeter surface, 
enter said optical block, are then reflected by said upper surface towards 
said transparent lower surface, are then refiracted by said transparent lower 
surface, and exit through said transparent lower surface. 

2. A wide angle imaging assembly according to claim 1, wherein the upper 
surface is at least partially, axi-symmetrically coated with reflective 
material on its exterior side, thus causing reflection of light rays that 
impinge upon it firom the inner side of the optical block. 
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3. A wide angle imaging assembly according to claim 2, wherein the 
reflective material that coats the upper siirface is selected to enable 
reflection of light rays in the specific spectral range transmitted by the 
material of the optical block. 

4. A wide angle imaging assembly according to claim 1, further comprising 
a transparent area in a part of the upper surface aroimd the vertical axis of 
symmetry, enabling light from a second scene, located at least partially 
above the first scene, to pass through said transparent area and travel 
through the optical block and exit said block. 

5. A wide angle imaging assembly according to claim 4, wherein the 
curvature of the surface of the transparent area is different than the 
curvature of the remainder of the upper surface. 

6. A wide angle imaging assembly according to claim 4, wherein the lower 
surface is described by two different axi-symmetric curves.. 

7. A wide angle imaging assembly according to claim 4, wherein the 
transparent area is fabricated as a hole extending along the vertical axis of 
symmetry. 
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8. A wide angle imaging assembly according to claim 7, wherein the hole 
extends from the upper surface to the lower sxirface. 

9. A wide angle imaging assembly according to claim 8, wherein the shape 
of the hole is conical. 

10. A wide angle imaging assembly according to claim 7, further comprising 
an optical structure placed within the hole; said optical structure designed 
to enhance or correct light rays coming from the second scene. 

11. A wide angle imaging assembly according to claim 10, wherein the 
optical structure placed within the hole comprises a plxirality of optical 
components. 

12. A wide angle imaging assembly according to claim 4, further comprising 
an optical structure located above the transparent area and coaxially with 
it; said optical structure designed to enhance or correct light rays coming 
from the second scene or enlarge the aperture of said second scene. 

13. A wide angle imaging assembly according to claim 12, wherein the 
optical structxire located above the transparent area comprises a plurality of 
optical components. 
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14. A wide angle imaging assembly according to claim 1, further 
comprising: 

a. A hole which is conically shaped, extending along the vertical axis of 
symmetry from the upper surface to the lower svirface; and 

b. A black cone compatibly shaped to be placed inside said hole, 
wherein said cone is designed to prevent glare. 

15. A wide angle imaging assembly according to claim 1, further comprising 
a holding element, fabricated together with and a part of the optical block, 
said holding element located adjacent to the lower surface and extending 
downwards, wherein said holding element does not interfer with or block 
the rays that exit &om said lower surface. . 

16. A wide angle imaging assembly according to claim 15, wherein the 
holding element is shaped as a tube made of an optically transparent 



17. A wide angle imaging assembly according to claim 15. further 
comprising a mechanical connector having a first edge and a second edge; 
where said first edge of said connector is designed to connect to the holding 
element. 



material. 
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18. A wide angle imaging assembly according to claim 17, wherein the 
second edge of the connector is designed to connect to an image capture 
device, positioning said image capttire device coaxially with the optical 
block, facing the lower surface of said block. 

19. A wide angle imaging assembly according to claim 17, wherein the 
mechanical connector further comprises optical lenses positioned coaxially 
with the optical block and designed to enhance the quality of the images 
exiting the lower surface of said optical block. 

20. A wide angle imaging assembly according to claim 17, wherein the 
second edge of the connector is designed to connect to an illumination 
soiurce, positioning said illxmiination source adjacent to the exterior edge of 
the holding element. 

21. A wide angle imaging assembly according to claim 18, further 
comprising an image capture device designed to capture images that arrive 
from the optical block, wherein the spectral range to which said image 
capture device is sensitive, is at least partially identical to the specific 
spectral range to which the optical block is transparent. 

22. A wide angle imaging assembly according to claim 20, further 
comprising an illumination source that distributes illumination rays, which 
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travel through the holding element and are distributed by the surfaces of 
the optical block, wherein the wavelength of said iUumination source is 
within the range of the specific spectral range to which said optical block is 
transparent. 

23. A wide angle imaging assembly according to claim 22, comprising a 
plurality of illtunination sources, capable of emitting more than one 
wavelength, wherein all of said illumination wavelengths are within the 
specific spectral range to which the optical block is transparent. 

24. A wide angle imaging assembly according to claim 1, further 
comprising: 

a. An axi-symmetric lens, capable of reflecting a second panoramic 
scene, which is at least partially included in the first scene; said axi- 
symmetric lens being positioned coaxially with and above the optical 



b. A hole extending along the vertical axis of symmetry of said optical 
block; 

c. An optical assembly located within said hole, said optical assembly 
comprising at least a prism or reflective surface designed to refract or 
reflect light rays that are reflected by said axis-symmetric lens; and 

d. a compatibly positioned image capture device. 



block; 
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wherein said axi-sjonmetric lens is capable of transmitting light rays in a 
second spectral range which is at least partially different than the specific 
spectral range to which said optical block is transparent; said optical 
assembly does not interfere or block the rays reflected from said optical 
block; and said first panoramic scene provided by said optical block in said 
specific spectral range is at least partly identical to the panoramic scene 
provided by said axi-symmetric lens in said second spectral range. 




Fig. 2 
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